Introduction
Basalt fabrics and products made of these -due to their properties such as non-flammability, good resistance to high temperatures, safety in use, good fatigue resistance as well as the resistance to UV radiation, contamination and chemicals -are used in the personal protection equipment that protects against hot work environments. [1, 2] So far, materials such as fabrics made of glass fibers, aluminized fabrics, fabrics and nonwovens made of aramid fibers -aluminized and nonaluminized, or aramid fibers combined with cotton, wool and cotton fabrics with a non-flammable impregnation and heatresistant leathers, have been the most frequently used in the construction of gloves designed to protect against thermal factors.
[3]
Until now, the Central Institute for Labor Protection-National Research Institute, in cooperation with the Lodz University of Technology, have been dealing with a similar research topic, while realizing the project of acronym BAGLO, which is aimed at developing a new construction of protective gloves, designed to protect against heat, but simultaneously ensuring the protection against mechanical factors and characterized by a good performance. In the construction of new type of protective gloves, some model solutions involving fabrics made of basalt fibers were applied as well as with modifications of basalt fabrics by coating with an aluminum foil. In order to obtain aluminized basalt fabrics, a polyester foil was used, which was covered on both sides with several millimeter layers of aluminum. The textile material with the aluminized foil was joined by gluing. For this purpose, two types of adhesive mean have been selected. The first was a multi-component adhesive mean insoluble in water and based on a mixture of epoxy resins; the second was a dispersion adhesive formed on aqueous dispersions of synthetic resins and polyurethanes, containing no organic solvents. As a result of the conducted research, concerning thermal and mechanical properties of the tested material, it was found that the selected variants of aluminized basalt fabric cannot be applied in the palm part of the protective glove due to their insufficient resistance to contact heat. They were, however, successfully used in the outer part of the glove. An additional disadvantage of the coating was cracking and abrasion of the applied layer during the making-up processes. Therefore, it was not as good as expected.
Due to the planned application of the modified basalt fabrics in the palm part of the protective glove, the main task of our research is to improve their resistance to when they come in contact with heat and ensure that after cracking, basalt fibers do not cause the skin irritation. [4] [5] [6] Our research continues on the optimization of the construction of protective gloves, with the use of new materials and modern technologies, which can ensure high strength and good barrier properties of the final product. [3] In order to improve thermal properties, and above of all, the resistance to contact heat, microstructural coatings were deposited on the surface of the basalt fabric. To modify the basalt fabric, the Physical Vapor Deposition process (PVD) was selected, which is based on creating the coating on a specific substrate as a result of physical deposition of atoms, molecules or ions of specific chemical compounds. The
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Magnetron sputtering
Magnetron sputtering technique was chosen to modify the surface of basalt fabrics. The method is based on sputtering the material, which is the substrate of the produced coating, by using gas ions obtained in the area between the plasma and the insert. The sputtered ions pass through the plasma, undergoing the ionization or reactions with ions or atoms of reactive gas, leading to the deposition of coating on the material surface. [10] [11] [12] [13] The magnetron sputtering technique (Fig. 1.) mainly uses a magnetic field and a polarized substrate. The main element of the device -the magnetron -is responsible for glow discharges occurring in the crossed magnetic field.
process of Physical Vapor Deposition (PVD) can be carried out by sputtering, vaporization and spraying. [7] So far, the research has been carried out with the application of the magnetron sputtering technique to produce an antibacterial coating on the fabric with an admixture of cotton. The usual tests used silver, copper, platinum and gold. It has been found that copper is the most effective protection against bacteria and fungi. Silver was also effective against bacteria, however, in the case of fungi, its effectiveness turned out to be insufficient. Other metal layers didn't produce satisfactory efficacy. [8] Jiang, Qin, Guo and Zhang worked on the surface functionalization of polyester fibers with a nano-structured silver coating using the magnetron sputtering method to broaden its applications. Surface characteristics are made on a scanning electron microscope. The results showed that polyester fabrics with a deposited silver coating have excellent protection against ultraviolet radiation, show very good hydrophobicity and have a good antibacterial effect. As a result of the study, it was found that the surface treatment using silver nanoparticles and the method that was used, and thus, magnetron sputtering is a very promising method for obtaining multifunctional fabrics. [9] Until now, the surface modification of fabrics using different elements and magnetron sputtering methods have been carried out mainly to improve the antibacterial properties. 
Resistance to contact heat on the OTI device
Resistance to contact heat was tested according to the standard PN-EN ISO 12127-1: 2016, [14] using the OTI device for testing the thermal insulation (Fig. 4) , for contact temperatures of
Coatings obtained with this technique should be characterized by a strong bonding with the substrate. They should also improve tribological, anticorrosion and decorative properties of products, which are used under different conditions; and moreover, they should not cause a deterioration of mechanical properties of the substrate.
The magnetron sputtering method was selected due to the material versatility, application flexibility and ability to apply layers on substrates of various sizes and properties. In addition, the proposed method is used for industrial production. [8] [9] [10] [11] Some materials were obtained from producers (lp. 1-4 form Table 1 ), while some were prepared by us.
The device used for coatings with the process of physical gasphase deposition was used to deposit the chromium coatings.
URM 079 device -a multi-source, hybrid industrial devicewas used to deposit the coatings (Fig.2) . The presented URM 079 device is located at the Institute of Materials Engineering at the Lodz University of Technology.
The stand consists of the following subassemblies: -vacuum chamber, -a set of vacuum pumps, -mixer for working gases, -control cabinet for the set of pumps and vacuum valves, -electric power box, -magnetron power supply.
A chromium coating with a thickness of 1 μm and 5 μm was deposited on the surface of the basalt fiber fabric.
Analysis of coating thickness on the scanning electron microscope
Analysis of coating thickness and determination of the content of individual elements on the surface of basalt fabric as a 
Results and discussion
From the scanning electron microscope (SEM), we obtained the photographs (Figure 5) showing the surface of the basalt fabric modified by depositing chromium layers of two values of thickness (1 and 5 µm).
Quantitative analysis of the content of individual elements on the surface of the basalt fabric ( Figure 6-8 and Table 4 -5) coated with the chromium was also done on an SEM. Below in Figure 7 , some images obtained directly from the microscope are presented, followed by a detailed analysis of the percentage content of individual elements present in the coatings deposited on the surface of the basalt fabric ( Figure 6 and 8) .
The following colors presented in Figure 6 correspond to the particular chemical elements occurring on the surface of basalt fabric modified with a 1 μm-thick chromium layer: Aluminumblue, Silicon -navy, Oxygen -red, Calcium -green.
The percentage content of individual elements is shown in Table 4 below: Due to the significant content of oxygen 80% and silicon 23%, and the low content of chromium -0.28% in the deposited coating, the thickness of the chromium coating was increased. Additionally, the aim of the analysis was checking the adhesion of coating to the base of the basalt fabric.
250°C and 100°C. The principle of the test relies on subjecting the test sample, which is placed on the calorimeter, to contact with a heating cylinder heated up to a temperature from 100 to 500°C. The contact temperature is selected depending on the expected application of gloves at a particular workplace. In order to carry out the test, 3 samples should be prepared, with a diameter of 80 mm, and 24 hours before the measurement, they should be acclimated in the following conditions: temperature 20 ± 2°C and relative humidity 65%. During the test, the threshold time period tt is measured, which is the time between the first contact with the heating cylinder and the moment the temperature of the calorimeter increases by 10°C compared to the initial value. In the case of gloves, the tests are carried out for three samples, and the arithmetic mean is calculated of the three obtained values of the threshold time period tt. On the basis of the test results, the gloves are classified to the appropriate efficiency level. The standard PN-EN 407:2007 defines the resistance ranges to contact heat, and 4 efficiency levels, to which gloves are classified based on laboratory tests. The efficiency levels are shown in Table 3 . [15] The following colors presented in Figure 8 correspond to the particular chemical elements occurring on the surface of the basalt fabric modified with a 5 μm-thick chromium layer: Chrome -green, Oxygen -blue, Carbon -red, Calciumviolet. Carbon and calcium in Figure 9 are hardly visible due to the low content of these elements in the coating.
The percentage content of individual elements is shown in Table 5 below:
For the coating thickness of 5 μm, the chromium content is 98.8%, what means that the entire surface of the basalt fabric has been covered with chrome.
In tables 6-7 and Figure 9 , the measurement results of resistance to contact heat for two different contact temperatures are presented, for all the selected variants of basalt fabrics.
The highest resistance to contact heat for the contact temperature of 250 0 C was observed in the case of the basalt fabric coated with silicone on both sides and reinforced with the stainless-steel wire (BDS), while the lowest for the unmodified basalt fabric (B). Due to the fact that in all the tested samples, the efficiency level was 0, it was decided to decrease the contact temperature to 100 0 C. The results of the contact heat resistance for the contact temperature 100 0 C are given in Table 7 . the samples didn't fulfill the requirement, but it should be noted that the chromium coating increased the resistance to contact heat a little in comparison to the unmodified basalt fabric (B). Probably the thickness of coatings (1 and 5 µm) was too small to achieve the expected result. Therefore, the research will be continued with thicker than 5 µm chromium coatings.
In the case of resistance to contact heat for the contact temperature of 100 0 C, the highest value was obtained for the unmodified basalt fabric coated with silicone on both sides and reinforced with stainless steel wire (BDS), and the lowest one for the Kevlar fabric of thickness 0.3 mm. Only for the BDS sample, the achieved efficiency level was 1. In rest of the cases, thread (BDS), which had the largest mass per ten unit area.
6. Further research will be carried out to increase the thickness of the chromium layer. If the tests do not meet the expectations regarding resistance to contact heat, the modification will be carried out using oxides.
[2] Miśkiewicz, P., Frydrych, I. (2017 
Summary
The highest resistance to contact heat for the contact temperatures of 250 0 C and 100 0 C was observed in the case of basalt fabric coated with silicone on both sides and reinforced with stainless steel wire (BDS), and only this fabric reached the 1st level of efficiency at 100 0 C. As shown in Tables 6-7 and Figure 9 , similar resistance results for both temperatures were obtained for basalt fabrics coated with silicone on both sides (BS) and basalt fabrics modified with 5 μm chromium layer (MB 5µm). Slightly worse results were observed for the basalt fabric modified with 1 μm chromium layer (MB 1µm). It should be noted that the Kevlar fabric (K) obtained slightly lower values of resistance to contact heat compared to the unmodified basalt fabrics coated with silicone on both sides (BS), although both fabrics had the same thickness of about 0.3 mm, but on the same level as the unmodified basalt fabric (B), which was much thicker. None of the tested fabrics achieved the 1st level of efficiency for resistance to contact heat at the temperature of 250 0 C.
CONCLUSIONS
On the basis of the experiment carried out, the following conclusions can be drawn out;
1. As a result of the modification of the basalt fabric by the magnetron sputtering with the use of chromium, a slight improvement was observed in the contact heat resistance in comparison to the basic (unmodified) basalt fabric.
2. The modification was carried out to check the adhesion of the deposited coating to the surface of basalt fabric, and to analyze the influence of coating thickness on the change in contact heat resistance. The thicker the layer of chromium on the basalt fabric, the better is the resistance to contact heat.
3. These were preliminary studies, in which it was found that metals cannot significantly improve the resistance to contact heat. Chromium was chosen to assure a good radiation heat resistance. Therefore, the next step will be the deposition on the surface of basalt fabric a layer of zirconium oxide with a much larger thickness of approximately 10 μm.
4. Kevlar fabric used in the construction of the palm part of gloves protecting against high temperatures demonstrates similar resistance to contact heat as the chromium-modified basalt fabric ay contact temperature of 250 0 C; however, the Kevlar fabric selected for testing is characterized by much lower thickness.
5. The highest resistance to contact heat for the contact temperatures of 250 0 C and 100 0 C was observed in the case of unmodified basalt fabric coated with silicone on both sides and reinforced with stainless steel wire introduced in every 5th weft 
